Adolescent rugby players benefit from the implementation of resistance training. However resistance training practices and how they influence short-term physical change is unknown.
INTRODUCTION
Rugby union is a team sport characterised by high and low-intensity periods of intermittent activity involving running, static exertions, and collisions during match play (7, 29) . Due to the physical qualities that underpin the match demands, high levels of strength, power, and speed are favourable, while increased mass can be beneficial for enhanced sporting performance (33) . Previously these physical characteristics have been established to be strongly related to playing level and age, with professional and older adolescent players demonstrating greater levels than their non-professional (35) and younger counterparts (12) .
To develop these physical qualities, strength and conditioning practices are common and have been implemented with positive outcomes in both adult (1, 4, 13) and adolescent (17, 34) rugby athletes.
Despite research providing evidence that strength and conditioning training is an important aspect of an adolescent rugby player's development (17, 34, 39, 41) , limited evidence exists exploring the strength and conditioning practices that adolescent rugby athletes currently undertake. To date, Hartwig et al. (18) examined the training loads of adolescent rugby union players using global positioning system (GPS) tracking devices and training diaries, quantifying on-field training (e.g., distances covered and duration) sessions. Individuals who played at the highest representative level were found to undertake larger amounts of rugby training each week, compared to their school boy counterparts, while maintaining similar distances covered in training sessions. Unfortunately, no measure of resistance training or strength and conditioning practices were undertaken, thus practices and responses within this cohort are yet to be thoroughly evaluated. Such information would be useful in helping to understand and design strength and conditioning routines that stimulate and maximise adaptations.
Existing research has investigated the physical characteristics of adolescent rugby players by age (21, 38) , position (12, 41) and level (21, 36) . Till et al. (38) observed that adolescent rugby players have significant annual improvements in their anthropometric and physical characteristics, which were greatest between 16 and 17 years compared to their older counterparts (18 to 20 year old) and likely demonstrate that greater changes occur in younger individuals upon the commencement of a structured training programme. This has been supported with recent work demonstrating that players who have a younger training age tend to develop at a greater rate than their more experienced counterparts (37) . However, although physical changes are evident, the aforementioned studies did not provide information on the training programme and how training programme design considerations (e.g., mode, frequency, and volume of training) may have affected training adaptations. As such, it is difficult to evaluate the impact of strength and conditioning training on the relationship to changes in physical qualities based on the current available evidence. Consequently the purposes of this study were to (1) quantify the resistance training practices and (2) evaluate their relationship with changes in physical qualities across a 12-week period in adolescent rugby union players.
METHODS

Experimental approach to the Problem
Adolescent rugby players were assessed for anthropometric (height, and body mass) and physical (countermovement jump [CMJ] , speed [20 and 40 metres] , and three repetition maximum [3RM] strength [squat, bench press, chin ups]) characteristics pre-and post-a 12-week observational period. Testing weeks occurred when rugby games had not been scheduled, and these weeks were not included in the 12-week observational period. The 12-week period occurred in the second half of the adolescent playing season, taking place from mid-January until mid-April. During the observational period, players completed a weekly training diary for 12 weeks, which included rating of perceived exertion (RPE) of all rugby games and training, resistance training, and extracurricular activities, in addition to the duration of each session. Players also recorded all resistance training exercises, sets, repetitions, and load. The relationships between the changes in anthropometric and physical characteristics and resistance training were then undertaken.
Subjects
Thirty-five adolescent male rugby union players (mean ± SD, age: 16.9 ± 0.4 years, height:
1.78 ± 0.07 m, body mass: 80.1 ± 10.5 kg) were recruited to take part in the study. All subjects were recruited from four school rugby teams in the United Kingdom. Initially, seven rugby playing schools were approached to be involved, with four of these seven confirming that they would be willing to participate. The seven schools approached were selected as they all had access to playing and training fields, resistance training facilities, and were actively partaking in rugby practice and games. Between four to 13 boys were recruited from each school. All subjects were free from injury for the duration of the study and had at least six months resistance training experience prior to recruitment. Experimental procedures were approved by the institutional ethics committee, while assent and parental consent were provided along with permission from schools.
Procedures
Anthropometric and physical testing was completed across two testing sessions within the same week during the rugby playing season. The first testing session included anthropometric, CMJ, and sprints, while 3RM strength measures were recorded in the second.
A standardised warm up which included stationary cycling, dynamic movements and stretches was completed at the end of the anthropometric measures and prior to the CMJ and sprints, as well as prior to the 3RM testing on the second day of testing. Upon the completion of the 12-week observation period, testing was repeated in the same order and at the same time of day. Subjects were instructed to rest in the 48 hours before all testing and to maintain normal dietary habits throughout the study.
Anthropometry:
Height was measured using a stadiometer (Secca Alpha, 213, Germany) to the nearest 0.1 cm.
Subjects stood barefoot, facing forward with their head placed in the Frankfort plane. Body mass was measured using a Tanita BF-350 bio-impedance analyser (Tanita Corporation, Arlington Heights, IL, USA). This method has previously been validated and deemed reliable in males and females with satisfactory results of inter-day agreement (intraclass correlation = 0.978) (24) . Body mass was calculated to the nearest 0.1 kg. All measures were taken postmicturition, between two and four hours post-prandial and prior to the initiation of exercise.
Countermovement Jump
Two CMJs were performed on a calibrated portable 400 Series Force Plate (Fitness Technology, Adelaide, Australia) indoors. Vertical ground reaction forces were measured with the force plate at a sampling rate of 600Hz. The force plate was connected to a laptop via USB and was calibrated with Ballistic Measurement software (BMS) (Innervations Inc., Muncie, IN). Jump variables (peak and mean power, peak and mean force, and jump height)
were recorded through the software. All subjects undertook the two CMJs, with hands on hips, instructed to start in a standing position and drop to a self-selected depth before jumping as high as possible. A three-minute rest period was provided between the two attempts. This method is consistent with previous literature concerning adolescent rugby union players and has been reported to have a CV of 4.9% in the same demographic with the same equipment (12, 31) . Subjects were familiarised with the movement and allowed to attempt the action prior to the first testing to reduce systematic bias.
Sprint time, velocity, acceleration and momentum
Subjects completed a 40 m straight line sprint, measured using timing gates (Brower Timing 
Three Repetition Maximum (3RM) and Relative Strength:
3RM back squat, bench press and neutral grip chin ups were completed to measure the lower and upper body strength of all subjects. The exercise choice was based on similar exercises used within resistance training programmes (10, 33) . The subjects were informed of the order of testing and completed a standardised warm up, which consisted of stationary cycling, dynamic movements and stretches prior to the initiation of any external resistance. Upon the completion of the warm up, an exercise specific warm up was completed that included 8 repetitions with an empty bar (or body weight for the chin up exercise), followed by two sets of 5 repetitions, and then 3 repetitions all at submaximal self-selected loads as previously completed in adolescent resistance training literature (12) . Each subject had three attempts to achieve a 3RM load, with minimum incremental increases in load being 2.5 kg, and were required to have three minutes rest between maximal attempts (12, 39) .
For the back squat, subjects were required to lower themselves to a position in which the top of the thigh was at least parallel to the floor, determined by the lead researcher (12) . When completing the bench press, subjects chose a self-selected hand width, lowered the bar to the chest and returned to the starting position with the arms locked without assistance. The neutral grip chin up began with subjects hanging, with arms fully extended and was completed with a 0.75kg weighted belt (Harbinger, Leather Dip Belt, USA) with external weight attached to the subject if additional load was required. They were then instructed to lift their body to a point with their chin above the chin up bar (10) . 3RM strength for the chin up was recorded as the subject's body mass plus external load.
Relative strength for all movements was calculated as total load divided by body mass. The CV of the three movements utilising the same equipment and the same subjects was reported to be 2.5, 3.7 and 3.7% for the squat, bench press and chin up (42) .
Training Diaries
Training diaries were used to record all resistance training, rugby related game and training, and extracurricular exercise that took place during the 12-week observation period. Subjects were asked to record the RPE of each exercise session along with the duration of that session according to the method outlined by Foster et al. (14) . As well as the session RPE and duration, subjects were required to detail all resistance training undertaken including resistance exercise, the weight used, the number of repetitions completed, and the number of sets. Total-, upper-, and lower-body volume load, weekly-training load, gym frequency, gym and non-gym (i.e. exercise that took place outside of resistance training) training duration, and upper-and lower-body exercise training frequency were all calculated using the training diaries. Diaries were checked each week for consistency and were recorded on a weekly basis.
Training load: Training load was calculated according to the method of Foster et al. (14) .
Throughout the 12-week observation period, the duration (in minutes) and intensity (rated on a modified Borg category ratio scale (14) that was supplied at the front of each training diary, noted 10 to 30 minutes after the cessation of exercise) were recorded by each subject after each training session (gym, rugby, and extracurricular) and match. The multiplication of the duration and intensity is known as sessional rating of perceived exertion (s-RPE). Average weekly training load was calculated as the summation of total training load across the 12 weeks, this was then averaged for the 12 weeks of the study for each subject, and provided as a mean of the cohort.
Volume load: Volume load has been used in the literature as a means to calculate total workload that is completed in a resistance training programme (16, 25) . It is calculated through multiplying the weight (kg), total repetitions, and sets completed (i.e. repetitions x sets x weight (kg)). For standardisation purposes and to avoid miscalculation of work completed, only free-weight compound exercises (as explained by Baechle et al. (2)) were included in the calculation of volume load. Exercises that included pulley systems, counter balancing, and isolation exercises can be easily miscalculated due to machine differences and lack of standardisation amongst differing brands of equipment and were therefore omitted from the analysis.
Upper and lower body volume load utilised the same calculation as total volume load, however upper body volume load only incorporated exercises that used predominantly upper body musculature (e.g. bench press, chin up), while the lower body utilised exercises that predominantly exercised the lower peripheries (e.g. squat, lunge). 
Statistical analyses:
Data were assessed for normality and were presented as means, standard deviations (SD), and range (lowest-highest). Non-gym time, mean weekly training time, and weekly load data were all non-parametric, while all other data were normally distributed. Paired samples t-tests were used to assess the change in characteristics during the 12 week period. Significance was set at an alpha level of P < 0.05. Table 1 shows the mean weekly training loads (i.e., frequencies, duration, volumes), and median and interquartile range (IR) of non-gym and combined training times, weekly load, and weekly strain during the 12-week observational period for adolescent rugby players. *** Table 1 here*** Tables 2 and 3 show the changes pre and post the 12-week observational period for anthropometric and physical characteristics in adolescent rugby union players. Significant, small improvements were found for body mass and while significant, yet trivial differences were found for CMJ mean force. All strength measures, CMJ height and maximal sprint momentum significantly improved, with small to moderate effects. All other characteristics were deemed to be non-significant with trivial effects, apart from CMJ mean power and peak force which recorded small positive effects. *** Tables 2 and 3 Initial sprint momentum, maximum sprint momentum, 20m sprint, and squat performance did not show significant relationships to any of the independent variables. *** Table 4 here***
RESULTS
Description of Training Loads
Change in Anthropometric and Physiological Characteristics
DISCUSSION
This study aimed to establish the training practices, and anthropometric and physiological changes that occur in adolescent rugby union players over a 12 week period. Furthermore, the relationships between resistance training practices and changes in physical qualities were investigated to assist in the understanding of the complex association between training and adaptation in adolescent rugby players. Findings demonstrate highly variable training practices in adolescent rugby union players, and overall improvements in anthropometric and physical characteristics across a 12-week in-season period. Moreover, resistance training volume load and the number of compound exercises were strongly related to the change in physical characteristics. This study demonstrates the importance of resistance training practices for improving anthropometric and physical performance qualities in adolescent rugby union players.
Training Loads and Frequencies
Weekly training loads, in almost all recorded aspects of training, were highly variable which could have been suboptimal to excessive for adaptation (31) . While subjects undertook 1.4 ± 0.6 gym sessions per week on average over the 12 week observational period, this is below the suggested 2-3 sessions that is thought to be optimal for the development of muscular strength in children and adolescents (5) . When this is coupled alongside the relatively low weekly frequencies of upper (3.0 ± 1.7) and lower (1.5 ± 0.8) body exercises completed, and total volume loads (5443 ± 3423 AU), it is clear that adolescent rugby union players may not be participating in strength and conditioning practices that are optimal for physical adaptation.
In addition to gym training, time spent completing other activities (e.g. rugby and extracurricular training) was thought to be excessive for some individuals (range; 30 -637 minutes). While the median of the non-gym training time was 120 minutes (IR: 151), which is much lower than previous adolescent rugby union research (19) , the range illustrated the highly varying amounts of exercise that adolescents undertake. Over the 12-weeks an average for some subjects was recorded as up to 637.0 minutes (>10.5 hours) each week. When this is compared to the maximum mean time spent resistance training each week (177.0 minutes per week) it is clear that subjects' favoured non-gym related training over resistance training.
While no exact optimal ratio between exercise modalities exist, prior adolescent rugby union interventions have utilised 2-3 resistance training sessions per week (17, 34) which may be superior in promoting physical adaptation.
Anthropometric and Physical change
Over the 12-week period, this study demonstrated positive changes in a range of physical characteristics. Body mass changes were consistent with seasonal changes in adolescent rugby league players (34), with changes of 2.7 ± 3.6% in the current cohort compared to 2.5 ± 4.7%. Therefore, coaches of players within this age group should expect to see increases in a player's body mass during the season. This may be due to maturation (39) , with systematic increases in weight slowing as players' progress towards adulthood. It would be prudent for coaches of young players to therefore monitor changes in body mass throughout a season to assist in athletic programming, as well as aid in long term development due to the need for increasing body mass at higher playing levels due to the physical demands of the sport (12, 33) . Previous research in rugby league players of a similar age from both the United Kingdom (39) and Australia (15) , have suggested that these increases in mass are related to improvements in lean body mass and fat mass content. This could also be the same for the current study. However, in stating that general improvements in body composition occur, it should be noted that due to the considerable deviation around the mean change in body mass, individual responses may widely vary (range; -3.7 -13.9%). Therefore, coaches and conditioning staff may need to monitor changes in these characteristics to understand if players are progressing at an appropriate trajectory.
Current findings showed absolute strength improvements, were lower than previous adolescent rugby resistance training studies (17, 34) weren't supervised but provided the same periodized resistance training programme, strength improvements in the squat were of a lower amount (16.8%; 34). Due to the relatively similar improvements in strength in non-supervised subjects in the study by Smart et al. (34) and subjects in the current study (24.0 ± 16.9%), supervision rather than programme design may be important for adolescent athletes to maximise development, which corroborates work from Coutts et al. (10) in adolescent rugby league players. These findings suggest that the adolescent strength and conditioning coach is not only important for helping teach technique and supervise resistance exercise, but also provides improved adherence and motivation (10, 34) , which results in superior physical adaptation compared to unstructured, unsupervised resistance training.
Measures of power in this study showed varying responses, with CMJ height and maximal sprint momentum showing significant, yet small improvements. Changes in CMJ height, which have previously been shown to occur during an "off-season" conditioning programme in under 18 rugby union players (34) , corresponds well with lower body strength improvements. These improvements were not however reflected in positive sprint performance at any distance. This may be related to the "force-vector theory" (9) which proposes that squat strength more readily crosses over to CMJ than sprint performance due to loading being in the axial vector. Due to the trivial changes in speed, it can confidently be stated that improvements in maximal sprint momentum were most likely attributed to improvements in body mass. These changes have occurred in other rugby union and rugby league athletes of a similar age, with changes thought to be due to maturation and increased body mass of the player rather than large improvements in velocity (3, 39) .
Relationships between Training Loads & Frequency and Physical Characteristic Changes
There were strong relationships between resistance training variables (i.e., volume load and number of exercises completed) and changes in physical characteristics. Strong significant relationships were found between exercise frequency (quantified as the number of compound, free weight exercises completed) and resistance training volume load, and improvements in lower body power and force, and upper body strength (Table 4) . While this study is not the first to demonstrate the relationship between volume load and strength (22, 23) , or the benefits of including free weight compound exercises in resistance training programmes (42) , it does provide evidence that resistance training variables can affect the development of physical characteristics in adolescent rugby players.
There were no significant relationships between changes in physical characteristics with gym frequency and the amount of time spent resistance training. While minutes spent resistance training did border on moderate improvements in chin up strength (r = 0.33), the lack of significance and the relatively weak relationships suggests that other resistance training variables may have a greater role in the improvement of physical traits than frequency and time alone. In this study volume load was calculated using free weight compound exercises, which suggests that when aiming to efficiently increase resistance training volume load, these types of exercises should be used. When the back squat (a free weight, compound exercise) and leg press (a machine based compound exercise) have previously been compared (32), total work (total work = volume load x displacement) has been significantly (p <0.05) greater in the squat at the same relative intensities of repetition maximum, while producing larger testosterone, growth hormone, and lactate responses. Interestingly however, RPE between the two exercises was not significantly different, which suggests that when completing free weight compound exercises total work diverges from the internal perception of intensity when compared to machine based exercises (32) . Previous literature assessing the role of time and efficiency within resistance training programmes proposes that volume load and exercise intensity can be maintained in time constrained periods when appropriately structured protocols are employed (26) (27) (28) . The strength and conditioning coach should therefore be aware of the relationship between physical improvement, time and volume, and implement resistance training programmes which are being monitored through means of efficiency (i.e. volume load per unit of time) (26) . These methods can then be progressed through either increasing the total volume load while maintaining time, or decreasing the time allotted to the session.
While this study is the first of its kind, it is not without its limitations that might reduce transferability of current findings to real life practice. Firstly, due to the relatively small sample size used, the findings may not be applicable to all individuals due to differing positional demands and maturation. Till et al. (39) showed that adolescent rugby league players develop at differing rates and therefore it would be imprudent to suggest that changes in the current study can be extrapolated to all adolescent rugby union players of a similar age.
Furthermore, training age and experience has been related to differing rates of physical change in adolescent rugby league players (37) which could further confound potential relationships. Secondly, due to the lack of mid-study measures, it is not possible to identify when in the 12-week period that changes in physical performance occurred. Finally, this study utilised training diaries to assist with the recording of training and game data. It is acknowledged and accepted that there are limitations of this method with regards to compliance (20) and burden on the players (6), yet it was decided that due to other commitments and reliability, this would be the most time efficient and practical method of attaining data.
In conclusion, this study presents the training practices, anthropometric and physical characteristics, and changes in traits related to resistance training across 12 weeks in adolescent rugby union players. The findings have demonstrated that large variance occurs in the frequency, time and load of exercise that is undertaken by under 18-year-old rugby players. Physical characteristics were shown to have positive trends that imply that body mass, lower body power, strength and momentum improve within a season, while sprint ability did not appear to improve to the same extent. Resistance training, the type of exercise selected, and the volume load completed with these exercises showed strong to very strong relationships with improved physical characteristics, while on the other hand gym frequency and the amount of time spent resistance training demonstrated relatively weak relationships.
This study suggests that adolescent rugby union players should undertake appropriate amounts of resistance training to support their physical development, however practitioners should be aware of the large amount of inter-individual variation that can occur due to individual response, training age, and maturation status.
PRACTICAL APPLICATION
An adolescent rugby players' time is often split between school, social demands, and sport.
For this reason it is important that training is time efficient and effective with current findings showing that these young athletes complete varying quantities of training and playing which can differ due to the player, week, and stage of the season. For this reason it could be suggested that appropriate monitoring of training loads could benefit players so that optimal adaptation can occur. As well as this, structured planning of training loads throughout the season, which take into account specific goals may assist in the adaptation of preferential anthropometric and physiological characteristics. Furthermore, it has been shown that a number of resistance training variables can greatly enhance physical adaptation. The frequency with which compound exercises are completed, and with what volume is used has been strongly linked to improvements in desirable traits and should be of emphasis for the strength and conditioning coach. Meanwhile frequency of attending the gym and the number of minutes spent resistance training had weak relationships with change. This indicates that training efficiency is of importance and that manipulating resistance training methods so that
